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ABSTRACT 

The  temperature  dependence  of  single-event  burn 
out  (SEB)  in  n-channel  power  meial-ozide- 
semiconductor  field  eflea  transistors  (MOSFETs)  is  investi¬ 
gated  experimentally  and  analytically.  Experimental  dau  are 
presented  which  indicate  that  the  SEB  susceptibility  of  the  power 
MOSFET  decreases  with  increasing  temperature.  A  previously 
repotted  analytical  model  that  describes  the  SEB  mechanism  is 
updated  to  iiKlude  temperature  variations.  This  model  is  shown 
10  agree  with  the  experimental  trends. 

L  INTRODUCTION 

Ithas  been  known  for  some  time  that  single-evembunKMit 
(SEB)  of  power  metal-oxide-semioonductor  field  effect  transis- 
tots  (MOSFETs)  is  a  catastrophic  failure  mode  that  can  be 
triggered  by  the  passage  of  a  single  heavy  ion  ihrou^  the  device 
[1].  llus  phenomenon  is  of  concern  to  ^lace-botn  system 
designers  since  heavy  kms  are  ubiquitous  in  the  ^nce-tadiation 
environment  [2].  In  addition,  the  broad  range  of  temperatures 
that  may  occur  on  board  a  system  in  flight  necessitates  an 
investigation  of  the  temperature  dependence  of  the  SEB  tnecha- 
oism. 

Power  MOSFET  burnout  has  been  attributed  to  the  turn¬ 
on  of  the  parasitic  bipolar-junction  transistor  (BJT),  inherent  to 


’  Work  nihe  Umivmiiy  of  Arizoru  supported  by  the  Defense  Nuclcs 
Agency  under  ccniract  numben  DNA001-88-C-0004  end  DNAOOl- 

nc-fxai. 


the  double-diffused  metal  oxide  semicortductor  (DMOS)  aiuc- 
ture,  when  the  power  MOSFET  is  nnned  off  (biockii^  a  large 
drain-source  bias)  [3].  Previous  btnout  modeling  has  been 
performed  for  an  arobiem  device  temperature  of  300  K.  This 
paper  repons  the  temperature  dependence  of  the  burnout  mecha¬ 
nism  in  n-channel  power  DMOS  devices. 

Observation  of  SEB  in  p<hannel  power  MOSFETs  has 
not  been  reported  in  the  literKure.  It  is  believed  that  the  much 
lower  impact-ionization  rate  for  holes  than  electrons  is  tespott- 
sibks  for  the  apparent  hardness  to  SEB  seen  in  p-channel  power 
MOSFETs  [3].  For  this  reason,  the  temperature  dependence  of 
SEB  in  p«haiuiel  devices  will  not  be  presented  in  this  paper. 

The  non-destructive  burnout  experiment  method,  with  a 
means  to  control  the  ambient  temperature  of  the  device,  was 
performed  on  IR6766  and  IRFI50  power  hK)SFETs.  The  SEB 
cross-section  was  measured asafunction of  dtain-soarce  voltage 
and  Kmpetaiure.  The  temperature  was  varied  fiom  300  K  to 
373  K.  Due  to  the  difficulty  (or  impossibilMy)  of  cooling 
devices  within  the  experimental  chamber,  only  temperatures  at 
and  above  room  temperature  are  investigatwl  herein.  Theexperi- 
ihentai  results  indicaie  that  the  burnout  suaceptibiltiy  of  a  given 
device  decreases  with  increasing  tempetanaeforagiven  applied 
drain-soutce  vdage. 

The  details  of  the  testing  technique  are  given  in  Section  Q. 
The  experimental  results  are  presented  in  Section  DL  The 
burnout  mechanism  for  the  power  Dh^S  device  structure  is 
reviewed,  and  the  temperature  dependence  of  the  model  is 
discussed  in  Section  IV.  The  temperaone  dependence  of  the 
SEB  threshold  is  then  calculated  for  a  typical  TOfOS  device  in 
Section  V.  Finally,  conclusions  are  given  in  Section  VL 
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Figm  t:  Non-destructive,  tempemure  cootroOed  SEB  test  set-up. 


n.  Burnout  Experiment 

The  IR6766  and  IRFISO  n-chaonel  power  MOSFETs 
with  bretkdown  voltages,  of  200  V  and  ISO  V.  respec¬ 
tively,  were  subjected  to  heavy  ion  bambardinent  in  the  88-inch 
cyclotron  facility  at  Lawrence  Bericeley  Laboratories.  A 
monoenergetic  beam  of  380  MeV  Kr  ions  at  a  fixed  LET  of  4 1 
Me  V<nt^/mg  was  used  to  characterixe  the  devices.  Thedevices 
were  de-lidded  prior  to  heavy  ion  exposure.  Each  test  was 
performed  until  a  total  fluence  of  10' ions/dn^  was  obtained,  or 
an  error  of  •>  too  pulses  were  counted. 

The  ambiem  device  tempenunre  was  maintained  using  the 
LakshateTbennalCootrolletIB(C-93C  The  tempetatuie  con¬ 
troller  consisted  of  a  resistive  healer  and  tberinal  sensors  con¬ 
nected  in  a  feedback  loop.  The  heater  and  setison  were  attached 
directly  to  the  TO-240  package  of  the  device  uiufer  test,  (OUT). 
It  was  determined  that  if  the  temperature  was  allowed  to  equili¬ 
brate  for  several  minutes,  the  temperature  was  very  uniform 
across  the  surfaceoftbechip.  This  provided  areliable  indication 
of  the  device  tempenoire. 

The  non-destructive  bumoot  test  method  was  used  in 
order  to  obtain  SEB  cross-sections  for  a  given  device  type  [4,  S]. 
Ihe  non-destructive  test  tedmique  employs  a  current  limiiiag 
resistor  in  the  drain  lead  of  the  DUT  so  that  the  dcain-saurce 
cunem  can  nM  rise  sufBciently  to  induce  second  breakdown  of 
the  patashic  bipolar  ttansistar  and  consequently  burnouL  The 
cnrtem-limited  poises  were  monitaredatihedtain  terminal  of  the 
DUT  using  a  Tdttronix  TEK-CTl  ctarent  transfanner.  SEB 
cross-section  measurements  were  made  by  varying  the  iqjplied 
drain-soorce  vintage,  since  the  SEB  ctoss-sectioo  increases  with 
increasing  drain-aootce  voltage.  The  SEB  cross-sectkn  was 


found  by  the  usual  mcithwl  of  dividing  the  total  number  of 
nondestructive  currem  pulses  per  device  by  the  beam  fluence  to 
yield  units  of  cm^/device.  The  experimental  test  set-up  is  shown 
in  Figure  1. 

m.  Experimental  RESULTS 

SEB  cross-section  measureriteiMs  were  obtained  for  the 
devices  at  device  temperatures  of  300  K.  333  K.  3S3  K.  and 
373  K.  The  cross-sectian  versus  (haia-source  voltage  for  the 
IR6766  and  IRFISO  are  shown  in  Figmes  2  and  3.  respectively. 
In  each  case,  the  threshold  for  burnout  increaaes  with  increas¬ 
ing  tenqnaiure.  Also  nose  that  in  each  case,  for  a  given  applied 
drain-source  voltage,  the  SEB  cross-section  decreases  with  in¬ 
creasing  temperature.  Furthermore,  as  the  drain-soutce  bias 


Figve2:  SEB  Onss-sectian  versus  and  temperature  for  the 
IR£766  power  MOSFET  (solid  lines  drawn  to  guide  the  eye). 
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Figiie  3;  SEB  Cioss-sectian  versus  and  temperaoue  tot  the 
QIFISO  power  MOSFET  (solid  lines  drawn  to  guide  the  eye). 

increases,  the  amount  of  change  in  the  cross-section  decreases, 
In  other  words,  the  burnout  susceptibility  decreases  with  increas¬ 
ing  temperature,  rmd  the  change  in  burnout  susceptibility  due  to 
tempetatme  decreases  with  increasing  drain-source  bias.  This 
can  be  explained  physically  through  the  dependetux  of  the 
impact  icnizatioa  rate  for  etoctrons  on  temperature  and  electric 
field.  The  impact  ionizatian  rate  for  electrons  decreases  with 
increasing  temperature  and  decreasing  elecnic  field.  The  data 
presented  in  Figures  2-3  are  consistent  with  previously  reported 
daia[6].  These  points  and  theirrelevance  to  the  SEB  mechanism 
will  be  explained  in  more  detail  in  the  next  section. 


transistor,  as  shown  in  Figure  4.  The  soiBoe.  body,  and  ifeain 
regions  of  the  MOSFEToompriae  theeminer,  base.  udcoUecttir 
regions  ofthe  parasitic  BJT.  respectively.  In  normal  opetaaon  of 
thepowerMOSFET.drisparasittcBJTisalwayshtniedoff.  This 
is  accomplished  by  the  common  source-body  metallizaiioii. 
which  shoru  out  the  base-emitter  junctron  of  the  parasitic  BJT. 

If  lateral  current  flows  in  the  body  (bate)  below  the  source 
(emitter)  region,  the  base-emitter  junction  becomes  forward 
biasedandthepansiticBJTtntnson.  Sittgie-eventbumoutofthe 
DMOS  structure  has  been  attributed  to  the  trrm  on  of  this  parasitic 
BJTPl.  If  the  parasitic  BJT  is  turned  OAf  when  the  MOSFET  is 
turned  OFF.  second  breakdown  of  the  BJT  and  hence  thermal 
meltdown  (bumottt).  may  occur.  The  mechanism  leading  to  SEB 
will  now  be  discussed. 

Figure  4  shows  the  DNM3S  structure  with  a  heavy  ion 
passing  through  the  parasitic  BJT.  As  the  heavy  ion  traverses  the 
device,  electron-hole  pairs  are  generated  along  its  Back  length, 
creating  an  ionized  plasma  filamem.  This  plasnu  filament 
supports  a  short-lived  current  some  in  which  holes  flow  up 
towards  ground  via  the  lateral  base  tegkin.  and  electrons  flow 
down  towards  the  positively  biased  collector.  The  short-lived 
current  source  initially  drives  the  parasitic  BJT,  locally  turning 
on  one  cell  of  the  DMOS  structure  (7]- 

Depending  on  how 'hard' the  BJT  is  initially  hnned  OAf. 
the  currents  within  the  device  will  either  regeneratively  mcreasB 
until  burnout  occurs,  or  the  entreats  will  die  out  leaving  the 


IV.  BURNOUT  MOreUNG 

This  section  will  focus  on  the  physical  model  of  the 
burnout  mechanism.  First,  the  mechanism  leading  to  bunxtut  via 
ihe  turn  on  of  the  parasitic  bipolar  transistor  will  be  reviewed. 
Next,  the  manner  in  which  temperature  dependence  is  incorpo¬ 
rated  into  the  model  will  be  discussed. 

IV A.  Burnout  Mechanism  of  DMOS  Structure 

The  cross-section  of  one  cell  in  an  n-channel  DMOS 
power  transistor  is  shown  in  Figure  4.  A  positive  bias  applied  to 
the  gate  forms  an  inversion  layer  in  the  p-body  region  below  the 
gate  oxide,  allowing  electrons  to  flow  fiom  the  source  to  the 
drain.  Inherent  to  the  DMOS  structure  is  a  parasitic  npn  bipolar 


Figm4;  DMOS  structure  showing  parasitic  BJT  and  ion  tracL 
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(a)  (b) 


(c)  (d) 


Figm  5:  Components  in  feedback  mechanisra:  (a)  electron 
injection:  (b)  avalanche  genenied  holes:  (c)  base  current; 
base^miner  voltage. 

device  unharmed.  A  feedback  mechanism  inherent  to  the  veitical 
structure  of  the  parasitic  BJT  will  determine  whether  the  cvrenis 
will  regeneratively  increase  or  die  out  The  feedback  mechanism 
consisis  of  four  basic  components.  These  components  in  terms 
of  the  parasitic  BJT  are:  (1)  electron  injection  Crom  the  emitter 
across  the  active  base  into  the  coUector  (2)  avalanche-generated 
hole  current  returning  from  the  collector  into  the  base;  (3) 
subsequem  lateral  hole  current  through  the  base  to  its  contacts; 
and(4)theinduced  base-emitter  voltage  resulting  from  the  lateral 
basecurrent  The  four  components  of  the  feedback  mechanism 
are  illustrated  in  Rgure  S. 

When  the  equations  governing  the  feedback  tnechaniam 
are  solved,  electron  and  hole  currem  density  distributions  within 
the  parasitic  BJT  are  obtained  which  define  the  threshold  for 
bumottt[8].  Thecurrentdensitydistributiaosatthethresholdfor 
burnout  are  called  the  critical  condition.  If  the  parasitic  BJT  is 
initially  driven  by  the  heavy-ion-generaied  current  source  such 
that  currents  are  larger  than  the  critical  condition,  then  burnout 
occurs.  If  not,  then  the  currents  within  the  parasitic  BJT  die  out 
and  burnout  does  not  occur  [8]. 


It  should  be  noted  that  in  this  model  it  seems  feat  tire 
position  of  the  incidem  ion  strike  may  influeaoe  how  hard  fee 
parasitic  BJT  is  driven.  Incidence  at  the  outer  edge  of  the  source 
region  is  worst  case  in  the  sense  that  an  incidem  ioa  with  the 
lowestLETcapableofiniiiacingborooutmnststtikethere.  Atthe 
source  edge,  an  incidem  ion  with  a  relatively  low  LET  may 
induce  burnout,  but  the  same  ion  coukf  not  induce  burnout  if  it 
were  incident  closer  to  the  ground  edge  of  fee  source.  As  one 
moves  10  positiotrs  atore  irtterior  in  the  source  region,  incidem 
ions  imrst  have  higher  and  higher  values  of  LET  to  initiate 
burnout  Positioos  more  interior  in  the  soiaceregioococreapaod 
to  larger  effective  settsitive  regions.  Experitnetaal  cross-section 
versus  LET  curves  show  a  similar  Bead.  As  the  LET  of  the 
incidem  ion  is  increased,  the  mrasmed  ooss-section  increases. 
This  same  argirmem  can  be  arade  with  the  cross-section  versus 
drain-source  bias  cirrvea  for  a  constam  LET  that  are  given  in  tins 
ptqrer.  As  the  dtain-aoucce  bias  it  increased,  an  ion  with  the  same 
LET  can  strfee  fiaher  into  the  source  regtoa  and  still  initisie 
burnout  Thus,  m  the  dram-source  bim  increases,  so  does  the 
sensitive  region. 

The  temperature  dependtsice  of  the  bumoui  mechanism 
can  bereadilyintiDduced  into  this  feedback  Btechanism  and  will 
now  be  outlined. 

rVB.  Temperature  Dependence 

In  the  foregoing  discussion,  it  should  be  emphasized  that 
the  primary  component  of  the  burnom  mechanism  is  the  base 
ciBtem  density  flowing  in  the  parasitic  BJT.  In  order  for  the 
parasitic  BJT  to  turn  on  and  remain  toned  on,  it  must  have  a 
source  of  base  currem.  Unlike ‘normal’ BJT  opention,  the  base 
cutiem  is  not  supplied  from  a  device  terminal:  rather,  the  base 
corem  is  supplied  through  avalanche  mukipiicaiion  in  the  base- 
collector  space  charge  region  (SCR).  It  will  later  be  shown  that 
the  bole  currem  generated  in  the  base-coOecior  SCR  isafnnetion 
of  the  doping  densiiy  and  thickness  of  the  coUector  regioo,  the 
applied  diain-source  bias,  and  the  local  injected  electron  density 
[8].  In  the  ftdiowing  discussion  on  the  temperamre  dependence 
of  the  burnout  mechanism,  the  focus  win  be  on  the  base  current 
generamd  through  avalanche  multiplication.  In  other  words,  the 
injected  electroo  density  wiU  be  held ‘consomt’ as  a  function  of 
lempenture,  and  thechangeof  avalanche  generated  holes  wiD  be 
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Figoefi:  (a)  idealized  doping  densiiies  in  base<oIlecu]r  ^)ace 
charge  regions;  (b)  charge  densities  for  zero  and  nonzero  cur- 
tenis;  and  (c)  electric  field  and  impact  ionization  rate  profiles  for 
zero  and  nonzero  currents. 

monitored  as  a  function  of  temperaoire.  This  is  equivalent  to 
accounting  fbr  the  2>3mV/”C  decrease  of  base-emitter  voltage  in 
ihepaiasidc  BJT. 

As  mentkmed  previously,  the  avalanche  generated  hole 
cunent  is  a  function  of  the  doping  density  and  thiclaiess  of  the 
collector  region,  applied  drain-source  voltage,  and  the  local 
injected  electron  density  within  the  base<ollectar  space  charge 
tegioa  The  complete  details  for  calculating  the  avalanche 
generated  hole  current  appear  in  [8].  Only  the  major  points  will 
be  described  here. 

The  one  dimensional  Poisson  equation  is  solvedacross  the 
base  collector  depletion  region  taking  into  account  the  space 
charge  associated  with  the  mobile  canien.  When  the  space 
charge  of  the  mobile  carriers  is  considered,  the  electric  field 
across  the  base  collector  space  charge  region  will  be  somewhat 
altered,  depending  on  the  density  of  mobile  charge  compared  to 
the  density  of  background  impurity  charge.  A  qualitative  illus- 
oation  of  how  the  electric  field  is  changed  is  shown  in  Figure  6 
[8].  An  idealized  impurity  profile  through  thebase.collector.and 
nbsaate  of  the  parasitic  BJT  in  a  typical  power  MOSFET  is 
thown  in  Figure  6a.  The  two  cases  of  wo  and  non-zero  cunent 
»e  depicted  in  Figures  6b  and  6c.  The  light  lines  coirespond  to 


the  zero  currem  case,  and  the  heevy  lines  ctnrespond  to  ihe  BOB 
zero  cunent  case.  The  electric  field  and  ionizaiion  rate  phMs  are 
further  labelled  with  the  subscriptsOandl  10 distinguish  heiween 
zero  and  non-zerocufienis  respectively.  The  total  charge  density 
for  the  non-zero  cunent  case,  shown  ia  Figure  6b.  has  chatted  to 
reflect  the  ekctroos  in  oansit  across  the  juncboa.  The  toal 
charge  density  to  the  left  of  the  metalliagicaljunctioa,z^.  is  more 
negabve  (the  electrons  add  to  the  total  charge),  and  the  total 
charge  density  to  the  right  of  the  metallurgicil  junctioa  is  less 
positive  than  for  the  zero  current  case  (the  electrons  subina  ftom 
the  total  charge). 

The  change  in  Ihe  total  charge  densfty  is  also  reflected  in 
the  electric  field  dieiributioB.  shown  in  Figine  6c.  Sincetheiotal 
charge  density  is  more  negative  to  the  left  of  x.  for  non-zero 
current,  the  electric  field  in  this  region  will  have  a  steeper  slope 
than  for  the  zero  cinent  case.  This  effectively  kiwen  the  peak 
electric  field  aiz^andmovesz^io  the  right  Similarty,  since  the 
total  charge  density  is  less  positive  to  the  right  of  X.  for  noa-aero 
cunent  the  eleciric  field  in  this  r^ioa  will  have  a  lower  giadieiu 
thanforthezerocurrentcase.  Since  the  reverse  bias  for  each  case 
is  the  same,  the  area  under  each  electric  field  plot  must  be  equal. 
This  equal  area  coostraim  and  the  lower  slope  to  the  right  of  X., 
push  the  right  edge  of  the  electric  field,  z, ,  deeper  into  the 
coUector  regkm.  In  the  example  shown  in  Figure  6c,  x, ,  has 
reached  the  epi-substime  boundvy  at  which  point  the  electric 
field  can  penetrate  no  fimher.  The  electiic  field  will  assume  a 
non-zero  value  at  the  epi-subsnte  boundary  10  satisfy  the  equal 
area  constraint  imposed  by  the  faoundrey  conditions  of  the 
Poisson  equanon.  Therefore,  two  imponant  phenomena  occur  in 
the  reverse  biased  bare  coilecior  junction  when  non-zero  cunent 
flows:  (1)  the  peak  elecoic  field  at  the  metallurgical  junction 
decreroes.  and  (2)  the  electric  field  assumes  a  non-zero  value  at 
the  epi-substnie  inieiface.  These  two  consequences  signifi- 
c»Uy  affect  the  avalanche  multiplication,  as  will  be  shown  later. 

The  impan  kmizaboa  rate,  a.  throughout  Ihe  dqiletion 
region  for  zero  and  non-zero  ciaiem  is  also  shown  in  Figure  6c. 
The  impact  ionizanon  rate,  a  is  exponentially  relaed  to  the  local 
electric  field  [8].  This  is  why  the  value  of  adecieasessignifi- 
caidy  when  the  peak  elecBic  field  drops  with  moeasiiig  cunent 
The  avalanche  multiplicatian  taie,  M,  significantly  decreases 
with  increasing  cunent  as  well.  The  fonctionai  relationships 
between  carrier  densities,  etociiic  field,  ionizaiioa  nue,  applied 
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Figure?:  Avalaiicheciirvestt3OOKrarlO0V,125V,lSOV,«id 
17S  V  for  device  with  nominal  breakdown  voltage  of  190  V. 

voltage,  and  the  physical  geometry  of  the  parasitic  BJT  must  be 
simultaneously  solved  10  determine  the  avalanche  multiplication 
me.  Le..thedensityofavalanche  generated  holes  retiaiiing  to  the 
neutral  base  for  a  given  injected  electron  density. 

Recall  that  the  desired  result  is  the  holeconoenitaiianau^ 
p(x^),  at  a  function  of  electron  concenoatioo  at  z,.  nfz^j,  or 


M  » 


(1) 


There  are  six  arrays  of  typically  300  points  used  in  the 
calculation  (the  depletion  region  is  diacretuaed  into  300  points). 
Theseatrays  are:  (l)spKechatge.p(zl;(2)eleciricfield.£(z); 
(3)  potential.  V(x)-,  (4)  ionizatian  rate,  a(x)r,  (3)  electron  coocen* 
tsation,ii(z);and(6)holeconceatEBlioit.p(zJ.  Given  the  impurity 
profile,  the  applied  drain  to  source  voltage,  .  and  the  electron 
concentration  atz^.  the  profiles  of  p(z).£(z).V(z).ii(z),p(z).aad 
ofz)  are  calculated  for  self>oonsisiency  [8]. 

The  equations,  sample  calculations  of  electric  field,  ion* 
Lzation  rate,  potential,  carrier  densiliea,  and  other  details  of  this 
calculation  appear  in  [8].  The  end  result  is  ploaed  in  Figure  7. 
which  shows  the  calculated  avalanche  curves  fora  device  with 
anominalBV^cf  190  V.  There  ate  three  tfistincitegiotts  present 
ineachavalanchecutveshowninFignte?.  Thefirsttegionisthe 
distina  bump  appearing  for  values  of  nfz^A^P  <  1.  Thiscorie* 
sponds  to  an  initial  decrease  in  the  avalanching  rate  with  inaeaS' 
ing  cunenL  The  second  region  is  the  valley  r^km  or  local 
minimumappearingforvaluesofii(x^/ArgS  1.  This  corresponds 


to  a  near  zero  avalanching  rate  at  a  ciuient  level  whem  the 
injected  etecuon  density  and  collector  doping  densiQfaraoompa- 
rihte.  TheihirdiegianoftheavalaochecurveappeanforvalueB 
of  afz^Al^  >  1.  where  the  hole  concentration  inceenaes  at  ap¬ 
proximately  the  same  rate  as  the  electran  cancenaanoa. 

IntermsofdiefoedbnckmecliaiusmforSEB.iheappto* 
prime  value  for  if  can  be  obtained  Cram  acurve  sinular  to  Hgnte 
7.  Notethmitisnecesnuy  localculaieasepiuaieavalanchecarve 
for  each  device  swictuie  and  each  applied  dtain-aomoe  bias 
when  solving  the  equationt  governing  die  feedback  mtirhinism. 

The  temperaiuae  dependence  is  iachuled  in  the  afarenteo- 
tioned calculation  via  the impna kmizaiion  rate.  Theimpaa 
inniration  rate  (number  of  elecwm-holc  pans  generated  per  unit 
path  length)  deotases  with  increasmg  temperature  (9).  This  it 
anribuied  to  the  shorter  mean  free  pmh  of  the  camera.  Stncethe 
impact  ioniaarion  rate  is  used  explicitty  in  the  aohnioa  to  the 
Boisaon  equation,  the  avalanche-generaied  hole  entrant  density 
decienses  with  incraaeing  utmpermiae  for  the  same  mjected 
electron  cutient  density  and  tvpiieddtameontce  bins.  Amea- 
sute  of  the  reduction  in  hole  current  density  it  drawn  in  Rgiae  8. 
The  ratio  of  the  hole  density  retuning  to  the  bsmtu  400 
and  the  hole  densiqr  at  300  IC.P|^  is  phxted  M  a  fimetion  of  the 
electron  density,  e,  iiiiecied  into  the  baancoUector  space  charge 
region  of  the  parasitic  BJT.  The  electran  density  hm  been 
normalized  ID  the  doping  density  in  the  caOectar.Al'^  Noteihat 
the  hole  denaty  It  400  K  ranges  tan  30%  to  90%  of  the  bole 
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Figuie8:  Ratio  of  avalanche  curves  at  400  K  and  300  K. 
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Figwe  9:  Critical  decttoa  cunem  density  distribution  in  the 
collector  at  the  threshold  for  btanout  with  diain-soiirce  bias  of 
ISO  Vat  300  K  and  400  K. 


density  at  300  K  over  much  of  the  openiing  region.  This 
redaction  of  the  source  of  bate  cnirent  at  higher  tempeatures  is 
e(|uivalent  IQ  an  increase  of  the  buinout  threshold  of  the  device 
(ie,  in  order  to  achieve  the  same  level  of  base  cumm.  theelectron 
ctnent  density  in  the  coUector  must  incieaie).  The  calculamd 
lemperttnie  dependence  of  the  bumout  threshold  will  be  prO' 
senied  in  the  nest  sectioa 

V.  Calculated  temperature  Dependence 

The  relationships  governing  the  feedback  mechanism  can 
be  solved  to  yield  a  coUecior  cunem  density  disiribution  at  the 
threshold  for  bumout.;^  fora  given  DMOS  device  stractnre  (8]. 
Figure  9  shows  the  threshold  ploaed  againit  poaiiion  in  the 
parasitic  BIT  for  ternpermues  of  300K  and  400K.  These 
calculaiionsindicaie  that  the  peaky^incieaseifrom81.SkA/cm* 
to  87.3  kAycm>  when  the  twnprmure  increares  Cram  300K  to 
40(BC.  When  the  critical  coOector  cunem  density  is  mt^med 
around  onecdl  of  the  DMOS  siracture.acriticalcoHeciorcairem 
forbumomisobtained.  ThecrincaiooUectorcnnemforbomom. 
calculated  as  a  functkn  of  diain-tource  voltage  and  for  ambiem 
temperatures  of  300K  snd  40QK,  is  lAmed  in  Rgure  10.  The 
device  strucnre  used  in  these  calculations  has  a  nominal  break¬ 
down  voltage  of  190V.  Thedevicestractureuaedinthecalcala- 
lions  is  similar  to  the  experimental  samples  only  in  the  sense  that 
they  each  have  similar  values  of  No  attempt  was  nude  to 


Figure  10:  Cakrilaied  SEB  threshold  as  a  fanction  of  tempera- 
lute  and  drain-source  bias. 

determine  actual  dimeiwiont  and  doping  disttibutions  of  the 
experimental  samplea.  For  the  calculationSv  the  average  doping 
densities  in  the  source.  p-body.p*-plug.  end  drain  region  are  1(P* 
cm-*.2xlO>*ciir>.2xlO»cnr*.and2xlO‘W.tespecttvely.  Ihe 
thickness  of  the  dtain  nation  is  13  laa-  As  shown  in  Hgare  10. 
the  SEB  threshold  increases  with  in'rg  temperanne  and 
decreasing  voltage.  Note  that  an  increase  of  the  critical  cunem 
increases  the  SEB  threshold.  Furthermore,  the  increase  of  the 
SEB  threshold  is  more  pronounced  at  the  lower  dram-source 
biases.  Once  again,  this  isatesuh  of  the  lemperatiae  and  decaic 
field  dependence  of  the  inqiact  itaiirarion  rate  for  eharons. 
‘nietefoie.  the  SEB  threshold  has  mriraitid  by  appnatimaiely 
2.9%  for  a  100  degree  lempetaimeiaCTaase  at  the  higher  drain- 
sooroebiaaes.andiheSEBihreiholdhasincreaiedbyappraou- 
mately  4.4%  at  the  lower  dnin-aovee  biases.  These  results  are 
consistem  with  the  experimemal  tteiHls  previously  diacassed. 

VI.  SUMMARY  AND  QX9CLUSIONS 

In  das  paper,  the  tempersture  dependence  of  SEB  in 
power  DMOS  devices  was  diacaaaed.  Experimerttal  data  for  the 
1RS766 and  1RF130  power  MOSFETswetepreaerttsd.  Hredma 
jnttifiB  ■ijrftnimiiimpMti— »t»p»iiH—«p.f4thebwnioia  final 
sectioo  and  in  the  threshold  value  of  dnin-aouice  bias  teiiniied 
forbumouL  Temperatare  dependence  was  included  in  an  exiss- 
irv  SEB  model  through  the  impact  innirstitw  me.  and  the 
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ctfpilated  lesuks  agned  with  the  expehmental  BendL 

Fiom  the  rewitt  pcoeiued  in  tbis  paper,  one  cm  conclude 
(hat  power  DMOS  devices  are  (none  resisum  (o  SEB  when 
operated  at  an  elevated  temperuure.  This  is  an  important  issue 
for  systems  that  may  be  operated  outside  of  (he  300  K  regime  in 
(he  space  radiation  eavironmeaL 
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TECHNOLOGY  OPERATIONS 


The  Aerospace  Coiporati<n  functions  as  an  "architect-engineer”  for  national  security 
programs,  specializing  in  advanced  military  ^tace  systmns.  The  Cotporatitm's  Technology 
Operations  sufqxvts  the  effective  and  timely  develofnaent  and  operation  of  natitmal  security 
systems  duougb  scioitific  research  and  the  triplication  of  advanced  technology.  Vital  to  the 
success  of  the  Corporation  is  the  technical  staffs  wide-ranging  expotise  and  its  al^ty  to  stay 
abreast  of  new  tec^logical  developments  and  program  support  issues  associated  with  rtyiidly 
evolving  space  systems.  Contributing  ctqpabilities  are  provided  by  these  individual  Technology 
Centers: 

Electronics  Technology  Colter:  Microelectrooics.  solid-state  device  i^iysics,  VLSI 
reliability,  compound  semiconductoia,  radiation  hardening,  data  storage 
technologies,  infrared  detector  devices  and  testing;  electro-optics,  quantum 
electronics,  solid-state  lasers,  critical  propagation  and  communicatiems;  cw  and 
pulsed  chemical  laser  development,  optical  resonators,  beam  control,  atmospheric 
propagation,  and  laser  effects  and  countermeasures;  atranic  frequency  standards, 
sqrdied  laser  spectrosar>y>  laser  chemistry,  laser  optoelectronics,  phase  conjugation 
and  coherent  imaging,  solar  cell  physics,  battery  electrochemistry,  battery  testing  and 
evaluation. 

Medianks  and  Materials  Technology  Center:  Evaluation  and  characterization  of 
new  materials:  metals,  alloys,  ceramics,  polymers  and  their  composites,  and  new 
frams  of  carbon;  develt^nnent  and  analysis  of  thin  films  and  deposition  techniques; 
nondestructive  evaluation,  component  failure  analysis  and  reliability;  fracture 
mechanics  and  stress  corrosion;  development  and  evaluation  of  hardened 
components;  analysis  and  evaluation  of  materials  at  cryogenic  and  elevated 
temperatures;  laun^  vehicle  and  reentry  fluid  mechanics,  heat  transfer  and  flight 
dynamics;  chemical  and  electric  propulsion;  spacecraft  structural  mechanics, 
spacecraft  survivability  and  vulnerability  assessment;  contamination,  thermal  and 
structural  control;  high  tempoature  themomechanics,  gas  kinetics  and  radiation; 
lubrication  and  surface  pbenranoia. 

Space  and  Environment  Technology  Center:  MagnetoqAeric,  aurraal  and  cosmic 
ray  physics,  wave-particle  interactions,  magneto^iiieric  plasma  waves;  atmospheric 
and  iono^Aeric  j^ysics,  density  and  composition  of  the  itpjpex  atmosidiere,  remote 
sensing  using  atmospheric  radiation;  solar  physics,  infrared  astronomy,  infrared 
signature  analysis;  effects  of  solar  activity,  magnetic  strams  and  nuclear  explosions 
on  the  earth's  atmo^ibere,  ionos{diere  and  magnetosi^iere;  effects  of  electromagnetic 
and  particulate  radiations  on  space  systems;  space  instrumentation;  prtqiellant 
chemistry,  chemical  dynamics,  environmental  chemistry,  trace  detection; 
atmospheric  chemical  reactions,  atmo^hoic  optics,  light  scattering,  state-qiecific 
chemical  reactions  and  radiative  signatures  of  missile  plumes,  and  sensor  out-of- 
field-of-view  tejectitm. 


